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ABSTRACT 

A  65-sector  input-output  model  describing  the  U.S.  economy  in  1967  provides 
the  basic  framework  for  this  study.   Grain  producing  and  processing  industries 
are  analyzed  in  terms  of  their  output  levels  and  input  structures  in  interaction 
with  each  other  and  with  other  sectors  of  the  economy.   Results  reveal  that  the 
grain  sectors  are  significantly  economically  interdependent. 

In  addition,  increases  in  certain  final-demand  markets  are  examined  for 
their  effect  on  the  grain  producing  and  processing  sectors.   Results  indicate 
widely  varying  impacts  on  the  output  levels  of  the  grain  sectors. 
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SUMMARY 

U.S.  industries  that  produce  and  process  grain  are  highly  interdependent 
with  one  another  as  well  as  with  other  sectors  of  the  economy.   For  example, 
while  about  a  third  of  the  1967  output  of  the  wheat  producing  sector  was  dis- 
tributed to  final-demand  markets,  another  third  was  distributed  among  several 
grain  processing  sectors.   For  every  $1  of  wheat  output,  producers  had  to 
purchase  an  estimated  70  cents  of  input  from  other  sectors,  such  as  the  live- 
stock and  livestock  products,  chemical,  machinery,  and  transportation  sectors. 
These  sectors,  in  turn,  required  materials  and  services  from  other  sectors  to 
provide  the  input  to  wheat  producers.   Such  requirements  amounted  to  an  esti- 
mated 72  cents  for  every  $1  of  wheat  produced. 

Within  the  grain  processing  industry,  output  of  the  flour  and  rice  milling 
sectors  is  distributed  primarily  to  final-demand  markets.   But  processors  of 
prepared  animal  feeds  are  highly  dependent  on  sales  to  intermediate  users — only 
20.7  percent  of  their  total  output  was  shipped  directly  to  final-demand  markets 
in  1967 ,  while  over  two-thirds  went  to  the  livestock  and  livestock  products 
sectors.   For  processors  of  prepared  animal  feeds  to  support  an  output  level  of 
$5.3  billion  in  1967,  almost  $4.0  billion  of  inputs  were  directly  purchased  from 
other  sectors  of  the  economy.   In  addition,  about  $4.8  billion  of  economic 
activity  was  further  generated  in  economic  sectors  that  did  not  supply  direct 
inputs . 

Similar  direct  and  indirect  economic  activity  generated  by  the  various 
grain  sectors  was  analyzed  using  traditional  input-output  methodology.   A  65- 
sector  input-output  model  describing  the  U.S.  economy  in  1967  provides  the  basic 
framework  for  the  study.   Grain  producing  and  processing  industries  are  analyzed 
in  terms  of  their  output  levels  and  input  structures  in  interaction  with  each 
other  and  with  other  sectors  of  the  economy. 

In  addition,  increases  in  certain  final-demand  markets  are  examined  for 
their  absolute  and  relative  effects  on  output  levels  and  resource  use  in  the 
grain  producing  and  processing  sectors.   The  final  markets  considered  are  total 
output  of  livestock  and  livestock  products  and  bakery  products,  and  exports  of 
wheat  and  rice. 

The  analysis  indicated  that  if  final-market  demand  for  livestock  and  live- 
stock products  were  20  percent  above  the  1967  level,  demand  for  corn  would  in- 
crease significantly.   The  livestock  sector  would  directly  require  additional 
corn  inputs  of  $666  million  and  would  further  generate  $234  million  of  corn 
output  to  meet  the  needs  of  other  sectors  directly  or  indirectly  supplying  inputs 
to  the  livestock  sector.   Increases  in  the  output  of  other  grains  would  range 
from  a  total  of  $2  million  for  rye  producers  to  $150  million  for  sorghum  pro- 
ducers.  For  grain  processors,  the  impact  would  also  be  significant.   Producers 


in 


of  prepared  animal  feeds  would  experience  a  total  output  adjustment  of  $953 
million,  of  which  $175  million  represents  direct  inputs  to  the  livestock  sector 
and  $238  million  represents  indirect  output  generated.   Compared  with  1967  levels 
of  oats  and  corn  production,  the  relative  effect  of  increased  livestock  consump- 
tion would  be  greater  for  oats  producers  than  for  corn  producers.   However,  the 
value  of  total  output  adjustment  for  corn  producers  would  be  $900  million,  com- 
pared with  only  $118  million  for  oats  producers. 

In  general,  expanding  markets  for  grain  and  grain  food  products  will  lead 
to  a  number  of  changes  in  firms  that  produce,  process,  and  market  grain. 
Industries  that  supply  inputs  to  such  firms  also  will  be  affected. 
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Implications  of  Expanding  Markets 
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INTRODUCTION 

The  U.S.  economy  has  become  a  highly  complex  and  interrelated  system  of 
production  and  distribution.   Each  industry's  level  of  output  is  dependent 
either  directly  or  indirectly  upon  the  output  of  other  industries.   For  example, 
if  an  industry  requires  more  chemicals  to  increase  its  output,  additional  inputs 
are  required  by  the  chemical  industry  to  meet  this  increased  demand.   As  a 
result,  suppliers  to  the  chemical  industry  must  increase  their  production  and 
this,  in  turn,  places  an  increased  demand  on  their  suppliers.   This  successive 
chain  of  events  continues  to  spread  through  additional  sectors  of  the  economy, 
slowly  diminishing  in  intensity.   The  degree  and  diversity  of  interdependence 
among  sectors  is  becoming  more  critical.   Hence,  investigating  economic  inter- 
action among  industries  is  important  in  assessing  the  dynamic  nature  of  produc- 
tion and  distribution. 

Two  groups  of  related  industries,  important  to  the  economy  as  a  whole  and 
specifically  to  agriculture,  are  the  food  and  feed  grains  industry  group  and  the 
grain  mill  products  industry  group.  2/   Included  in  these  groups  are,  respec- 
tively:  (1)  producers  of  wheat,  rye,  rice,  corn,  oats,  barley,  and  sorghum, 
and  (2)  the  flour  milling,  prepared  animal  feeds,  blended  and  prepared  flour, 
cereal  preparations,  wet  corn  milling,  and  rice  milling  industries.   In  1967, 
sales  of  their  products  totaled  over  $19  billion.   In  terms  of  national  income, 
these  industries  contributed  nearly  $6.5  billion  as  a  result  of  their  operations, 


1/  This  report  is  an- outgrowth  of  the  authors'  masters  theses.   Whitman  M. 
Chandler,  Jr.,  in  his  thesis  submitted  to  The  George  Washington  University, 
Washington,  D.C.,  developed  interindustry  relationships  for  the  grain  producing 
sectors.   Edward  H.  Glade,  Jr.,  established  parallel  relationships  for  the  grain 
processing  sectors  in  his  thesis  submitted  to  the  University  of  Maryland,  College 
Park,  Md. 

2/    In  this  study,  the  food  and  feed  grains  industry  is  defined  to  include 
part  of  Industry  Group  Oil  and  the  grain  mill  products  industry  consists  of 
Industry  Group  204,  as  defined  in  the  Standard  Industrial  Classification  Manual, 
U.S.  Bureau  of  the  Budget,  1967. 


This  study  employs  input-output  techniques  to  analyze  economic  inter- 
actions associated  with  these  grain  producing  and  processing  sectors.   Specifi- 
cally, the  objectives  of  the  study  are  to: 

— Present  a  current  (1967)  interindustry  transaction  table,  with 
emphasis  on  each  grain  producing  and  grain  processing  sector  and 
its  relationship  with  other  sectors; 

— quantitatively  measure  the  economic  importance  of  grain  producing 
and  processing  sectors  by  identifying  and  analyzing  (1)  their 
output  flows  and  input  requirements  and  (2)  the  direct  and  in- 
direct effect  that  changes  in  their  output  have  on  the  level  of 
output  of  other  sectors;  and 

— analyze  the  effect  of  changes  in  demand  for  products  of  specified 
industries  on  output  levels  and  resource  use  in  grain  production 
and  processing. 

Methodology 

The  basic  premise  on  which  input-output  analysis  rests  is  that  all  pro- 
ductive activities  in  the  economy  can  be  divided  into  sectors  whose  inter- 
relations can  be  expressed  by  a  set  of  input  functions.   A  sector  is  a  group  of 
economic  units  that  are  homogeneous  with  regard  to  their  principal  activity. 
The  number  of  sectors  included  in  an  input-output  model  depends  primarily  on  the 
availability  of  comparable  data. 

Development  of  the  input-output  system  requires  the  construction  of  three 
basic  tables:   A  transaction  table,  a  direct  requirements  table,  and  a  total 
requirements  table. 

The  transaction  table  is  a  matrix  of  the  dollar  value,  in  producer  prices, 
of  the  flow  of  goods  and  services  among  the  various  sectors.  3/  Within  this 
matrix,  a  row  represents  the  distribution  of  goods  and  services  of  any  one  in- 
dustry to  other  industries,  while  a  column  shows  an  industry's  purchases  from 
other  industries.   In  addition  to  these  interindustry  transactions,   value 
added  (columns)  and  distribution  to  final  demand  (rows)  are  also  shown. 

After  the  transaction  table  has  been  constructed,  the  direct  requirements 
table  can  be  derived.   Direct  requirements  are  commonly  referred  to  as  technical 
or  input  coefficients  and  are  defined  as  the  amount  of  input  an  industry  re- 
quires from  particular  industries  to  produce  $1  of  output.   Data  requirements 
are  computed  by  dividing  each  column  entry  in  the  tranasction  table  by  its 
corresponding  column  total. 


3/  Producer  prices  are  defined  to  include  Federal,  State,  and  local  excise 
taxes  collected  and  paid  by  the  producers.   They  do  not  include  the  distribution 
costs  which  make  up  the  difference  between  the  price  at  the  producer  level  and 
the  price  at  the  purchaser  level.   These  costs  appear  as  separate  inputs  from 
each  distributive  industry. 


The  direct  requirements  table  does  not,  however,  represent  the  total 
economic  activity  that  results  from  additional  sales  to  final  demand.   Such  sales 
will  lead  to  indirect  as  well  as  direct  increases  in  the  output  of  other  sectors. 
Total  requirements — direct  and  indirect— show  the  total  expansion  of  output  in 
all  industries  as  a  result  of  a  $1  delivery  of  output  to  final  demand  by  each 
sector.   The  basic  procedure  for  ascertaining  these  total  requirements  is  the 
subtraction  of  the  direct  requirements  matrix  from  an  identity  matrix.   The 
resulting  matrix  is  then  inverted  to  produce  the  total  requirements  table. 

Most  input-output  or  interindustry  studies,  particularly  at  the  national 
level,  have  aggregated  sectors  to  include  only  major  industry  groups.   Sectors 
identified  in  a  transaction  table  include  groupings  of  related  industries.   As 
the  level  of  aggregation  increases,  product  and  process  identity  become  more 
obscure.   This  reduces  the  usefulness  of  input-output  analysis  for  studying  the 
economic  structure  of  individual  industries.   Moreover,  past  national  input- 
output  tables  have  provided  only  a  limited  opportunity  to  identify  and  analyze 
the  interindustry  structure  of  detailed  sectors  on  a  current  basis  because  of 
the  time  involved  in  table  construction  and  the  reliance  on  census  data. 

A  1967  transaction  table,  developed  at  Clemson  University,  Clemson,  S.C., 
was  used  in  this  study  as  a  benchmark  table.   It  is  basically  an  updated  version 
of  the  1958  National  Transaction  Table  of  the  U.S.  Department  of  Commerce.   In 
the  Clemson  work,  some  sectors  in  the  Commerce  table  were  aggregated  and  others 
were  disaggregated,  which  resulted  in  a  56-sector  table  with  1958  data.   The 
table  was  updated  to  1967  by  the  use  of  sector  price  and  quantity  indexes  for 
that  year.   Results  were  checked  against  published  industrial  data  for  1967.  kj 
For  the  present  study,  four  sectors  of  the  1967  table  were  disaggregated — food 
grains,  feed  grains,  grain  mill  products,  and  other  agricultural  products.   The 
final  disaggregated  transaction  table  was  a  65  x  65  matrix  representing  65  indus- 
trial sectors.   A  complete  listing  of  each  sector  is  shown  in  appendix  table  1, 
along  with  the  sector  composition  in  terms  of  Standard  Industrial  Classification 
(SIC)  industry  codes. 

Assumptions 

Basic  to  the  application  of  an  input-output  system  to  periods  beyond  the 
one  for  which  it  was  developed  are  two  general  assumptions: 

(1)  The  physical  structure  of  the  economy  does  not  change.   This  rules  out 
the  substitution  of  one  input  for  another  as  a  result  of  changes  in  technology 
and/or  relative  prices.   It  implies  that  inputs  purchased  by  each  producing 
sector  are  a  function  only  of  the  level  of  output  of  that  sector. 

(2)  For  any  level  of  output,  the  technical  or  input  coefficients  remain 
constant.   This  assumption  rules  out  changes  in  economies  of  scale.   It  states 


47  For  a  complete  discussion  of  the  methods  and  procedures  used  in  devel- 
oping the  base  table,  see  Robert  H.  Elrod,  Development  and  Use  of  Updated  Input- 
Output  Tables  in  Economic  Forecasting  and  Planning,  Clemson  Univ.,  Clemson,  S.C., 
Aug.  1969,  unpublished  Ph.D.  dissertation. 


that  the  production  function  will  exhibit  constant  returns  to  scale,  even  though 
the  output  of  a  sector  may  be  a  function  of  several  inputs.   Thus,  a  doubling 
of  the  inputs  in  a  producing  sector  will  double  the  output  of  that  sector. 

It  should  be  noted  that  there  are  certain  stability  conditions  for  the 
table  of  technical  coefficients.   First,  no  column  in  the  table  adds  to  more 
than  unity.   A  sum  greater  than  one  would  indicate  that  the  cost  to  an  industry 
for  producing  $1  of  output  is  greater  than  $1.   Second,  at  least  one  column  in 
the  table  must  add  to  less  than  unity.   If  this  were  not  so,  total  expenditures 
induced  within  the  system  would  equal  the  income  generated  by  them  and  no  pay- 
ments would  be  available  to  the  factors  of  production. 


INTERINDUSTRY  RELATIONSHIPS 

This  section  discusses  the  specific  economic  importance  of  grain  producing 
and  processing  sectors  in  1967  and  the  degree  of  their  interdependence  with  the 
national  economy.   In  addition,  the  analysis  (1)  identifies  and  evaluates  those 
sectors  affecting  the  output  level  of  grain  producers  and  processors  and  (2) 
determines  the  effect,  if  any,  that  changes  in  the  grain  sectors'  output  has  on 
the  output  of  other  sectors.   The  analysis  is  based  on  information  developed 
from  the  disaggregated  transaction  table  and  the  tables  of  direct  and  total 
requirements . 


Output  Structure 

The  distribution  of  output  for  grain  producers  is  shown  in  rows  2A,  2B,  2C , 
3A,  3B,  3C,  and  3D  of  the  transaction  table  (app .  table  2).   Distribution  of 
processed  grain  sales  is  shown  in  rows  17,  18,  19,  and  20.   These  data  show  the 
dollar  value  of  each  sector's  sales  to  each  consuming  sector  indicated  in  the 
heads  of  the  columns.   Total  intermediate  sales,  final-demand  sales,  and  total 
output  are  shown  on  the  table's  last  two  pages  (pp.  50-51).  5/ 

The  percentage  distribution  of  sales  by  grain  producing  and  processing 
sectors  is  given  in  table  1  to  facilitate  the  analysis.   These  data  show  the 
relative  impact  that  sales  to  intermediate  and  final-demand  markets  have  on  the 
output  of  these  sectors.   While  most  of  the  output  as  a  whole  is  sold  to  inter- 
mediate users,  distribution  patterns  vary  significantly.   This  indicates  that 
the  output  of  grain  production  and  processing  industries  is  primarily  affected 
by  economic  conditions  prevailing  in  different  markets. 

For  example,  in  1967,  the  wheat  producing  sector  distributed  34.4  percent 
of  its  total  output  directly  to  final  demand.   This  proportion  is  primarily  made 
up  of  exports  under  Government  programs  and  exports  for  dollars.   A  small  part 


5/  Total  intermediate  sales  represent  the  sum  of  output  distributed  to 
each  consuming  industry;  final  demand  primarily  includes  output  sold  directly 
to  persons  and  governments  and  for  export;  total  output  represents  intermediate 
sales  plus  final  demand  sales. 
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is  made  up  of  inventory  changes.   The  largest  industrial  market  for  the  wheat 
producing  sector  is  the  flour  and  other  grain  mill  products  sector,  which 
purchased  29.9  percent  of  total  1967  wheat  output. 

In  contrast  with  wheat  producers,  rye  producers  distributed  only  7.0  per- 
cent of  their  output  to  final  demand.   The  output  level  of  rye  producers  is 
highly  correlated  with  economic  activity  of  intermediate  markets,  particularly 
the  flour  and  other  grain  mill  products  sector,  which  purchased  25.6  percent  of 
total  1967  rye  output.   Since  the  flour  and  other  grain  mill  products  sector 
distributed  52.5  percent  of  its  total  output  directly  to  final  markets,  it  may 
be  concluded  that  the  value  of  output  for  wheat  and  rye  producers  is  determined 
largely  by  consumer  demand  for  packaged  flour,  cereal,  and  flour  mixes  and  by 
export  demand  for  these  products. 

The  distribution  of  rice  producers'  output  presents  an  entirely  different 
picture.   Of  their  output,  85.7  percent  was  distributed  to  rice  millers.   This 
is  not  surprising  since  rough  rice  is  a  primary  input  to  the  rice  milling  sector. 
The  fact  to  be  noted  here  is  that  nearly  75  percent  of  total  production  in  the 
rice  milling  sector  was  delivered  directly  to  final-demand  markets,  primarily 
for  export.   Consequently,  export  demand  for  milled  rice  is  the  main  factor 
affecting  the  level  of  rice  mill  output,  which — in  turn — greatly  affects  the 
output  level  for  rice  producers.   The  negative  delivery  of  rice  to  final  demand 
in  1967  resulted  from  a  net  decline  in  inventories. 

For  feed  grains — represented  by  the  corn,  oats,  barley,  and  sorghum  sectors 
in  table  1 — the  largest  share  of  output  was  distributed  to  the  livestock  and 
livestock  products  sector,  primarily  for  use  in  animal  feed.   Distribution  of 
the  remaining  output  varies  significantly  among  sectors. 

In  the  corn  producing  sector,  for  example,  21.5  percent  of  total  output  was 
delivered  to  final  demand,  primarily  for  export.   Thus,  about  82  percent  of  the 
total  corn  output  is  purchased  by  only  two  sectors — livestock  products  and  final 
demand.   Oats  producers  distributed  61.0  percent  of  their  output  to  the  live- 
stock products  sector  alone.   It  may  be  concluded  that  the  output  of  the  corn 
and  oats  sectors  is  highly  correlated  with  economic  activity  of  intermediate 
markets,  especially  that  of  the  livestock  products  sector. 

Although  the  level  of  output  in  the  barley  and  sorghum  sectors  is  greatly 
dependent  on  activities  of  intermediate  markets ,  the  output  has  a  broader  dis- 
tribution among  these  markets.   Deliveries  of  barley  to  final  demand  represent 
only  6.8  percent  of  total  output,  which  indicates  the  importance  of  intermediate 
markets.   The  sorghum  sector  delivered  84.7  percent  of  its  output  to  intermediate 
markets  and  15.3  percent  to  final  demand. 

In  the  grain  mill  processing  industry,  outputs  of  the  flour  and  rice  milling 
sectors  are  primarily  dependent  upon  final-demand  requirements.   In  contrast, 
processors  of  prepared  animal  feeds  are  highly  dependent  upon  sales  to  inter- 
mediate users — only  20.7  percent  of  their  total  output  was  shipped  directly  to 
final  demand  in  1967.   The  livestock  and  livestock  products  sector  consumed 
over  two-thirds  of  all  prepared  animal  feed  output.   Hence,  consumer  demand  for 
livestock  and  livestock  products  primarily  determines  the  output  level  in  the 
prepared  animal  feeds  sector. 


Output  of  the  wet  corn  milling  sector  reaches  more  industrial  users  than 
that  of  the  other  grain  processing  industries.   Almost  88  percent  of  all  output 
is  utilized  in  further  production  before  reaching  final  markets.   Moreover,  the 
percentage  distribution  of  output  is  more  uniform.   The  largest  single  market 
is  the  food  processing  industry,  accounting  for  over  34  percent  of  total  output. 

Although  the  grain  mill  products  industry  group  is  characterized  by  firms 
performing  similar  functions,  output  of  each  of  the  four  sectors  reaches  the 
ultimate  consumer  in  significantly  different  form.   Data  in  table  1  clearly  show 
the  diversity  of  output  flows  from  the  grain  processing  sectors.   The  same  may 
be  said  for  the  food  and  feed  grains  industry  group — similar  functions  are  per- 
formed, but  products  of  each  sector  reach  the  ultimate  consumer  in  distinctly 
different  ways. 

Direct  Input  Requirements  and  Output  Changes 

Now  that  the  output  structure  of  each  grain  producing  and  processing  in- 
dustry has  been  established,  it  is  necessary  to  examine  the  direct  input  require- 
ments necessary  to  support  the  output.   The  matrix  of  direct  requirements  or 
technical  coefficients  is  used  for  this  analysis. 

Distribution  of  inputs  purchased  by  the  grain  producing  sectors  and  re- 
quirements from  value-added  categories  are  shown  in  columns  2A,  2B,  2C,  3A,  3B , 
3C,  and  3D  of  the  transaction  table  (app.  table  2).   Corresponding  data  for  the 
grain  processing  sectors  are  shown  in  columns  17,  18,  19,  and  20.   These  data 
represent  the  dollar  value  of  purchases  from  sectors  named  at  the  beginning  of 
the  rows.   For  example,  for  the  prepared  animal  feeds  sector  (col.  18,  p.  34)  to 
support  a  level  of  output  of  $5.3  billion  in  1967,  almost  $4.0  billion  of  inter- 
mediate purchases  were  required.   Value  added  by  the  prepared  animal  feeds  sector 
accounts  for  the  difference  (about  $1.4  billion)  (see  last  three  entries  in 
col.  18,  p.  35) . 

The  direct  unit  cost  structure  in  1967  for  the  grain  producing  and  process- 
ing sectors  is  shown  in  tables  2  and  3,  respectively.   For  components  of  each 
sector,  these  tables  show  the  inputs  required  to  produce  $1  of  output.   For  the 
rye  sector  to  produce  $1  of  output,  it  requires  almost  14  cents  of  its  own  pro- 
duction, over  32  cents  from  livestock  products,  almost  3  cents  from  maintenance 
and  repair  construction,  and  other  purchases  as  itemized.   Payments  to  the 
factors  of  production,  as  shown  by  the  value-added  row,  account  for  about  12 
cents  of  every  dollar  of  output. 

For  food  grain  producers  as  a  whole,  about  75  percent  of  the  value  of  pro- 
duction is  used  for  purchases  of  intermediate  inputs.   Only  25  percent  is 
retained  for  payments  to  factors  of  production.   The  large  proportion  of  inter- 
mediate purchases  indicates  a  high  degree  of  interdependence  with  other  sectors 
of  the  economy.   This  is  especially  true  for  the  rye  sector,  which  uses  almost 
89  percent  of  the  value  of  its  output  for  purchases  of  intermediate  inputs. 

Feed  grain  producers,  as  a  group,  are  also  highly  interrelated  with  other 
sectors  of  the  economy,  as  indicated  by  the  large  expenditure  of  about  68  per- 
cent of  the  value  of  production  for  intermediate  inputs.   This  dependency  on 
other  sectors  is  not  as  great  as  for  the  food  grain  sector,  however. 


Table  2. — Direct  input  requirements  of  the  food  and  feed  grain  producing  sectors 

per  $1  of  output,  1967 


Item 


: Wheat 


Rye 


Rice  :  Corn 


Oats 


Barley 


Sorghum 


Dollars 


Wheat :0.039 

Rye :   —  .139 

Rice :   —  —  .035 

Corn :   —  —  —  * 

Oats :   —  —  —  —  .049 

Barley :   —  —  —  —  —     .034 

Sorghum :   —  —  —  —  —  —     * 

Livestock  products :  .160  .325  .029  .087  .199    .150    .138 

Forestry,  fisheries,  &         : 

services :  .046  .023  .055  .030  .025    .025    .028 

Stone  &  clay  mining :   —  —  —  .006  .006    .006    .005 

Maintenance  &  repair  : 

construction :  .023  .023  .026  .027  .022    .023    .024 

Chemicals  etc :  .045  .023  .053  .063  .054    .055    .059 

Petroleum  refining  &  related    : 

products :  .041  .023  .048  .055  .047    .049    .051 

Rubber  &  miscellaneous         : 

plastic  products :   —  —  —  .010  .009    .008    .010 

Machinery,  except  electrical...:  .011  *  .013  .014  .013    .013    .013 

Transportation  &  warehousing. ..  :  .012  .023  .015  .019  .016    .017    .019 

Communications  &  utilities :  .013  .023  .015  .018  .015    .015    .017 

Wholesale  &  retail  trade :  .035  .046  .044  .056  .047    .049    .052 

Finance,  insurance,  real       : 

estate,  &  rental :  .194  .139  .238  .176  .150    .155    .165 

Lodging,  personal,  &  : 

business  services :  .054  .046  .066  .064  .054    .055    .060 

Gross  imports :   *  .046  —  *  *  .021    * 

All  other  sectors :  .026  *  .028  .020  .018    .014    .019 

Value  added :  .301  .116  .335  .350  .275    .311    .337 

Total  inputs :1. 000  1.000  1.000  1.000  1.000   1.000   1.000 


-Less  than  $0,001. 


Table  3. — Direct  input  requirements  of  the  grain  mill  products  sectors  per  $1  of 

output,  1967 


Item 


Flour  &  other 

grain  mill 

products 


Prepared 
animal 
feeds 


Rice 
milling 


Wet  corn 
milling 


Wheat 

Rye 

Ri  ce 

Corn 

Oats 

Barley 

Sorghum 

Flour  &  other  grain  mill 

products 

Prepared  animal  feeds 

Rice  milling 

Wet  corn  milling 

Miscellaneous  food  & 

kindred  products 

Other  food  &  kindred  products 
Miscellaneous  fabricated 

textile  products 

Paper  &  allied  products 

Chemicals  etc 

Fabricated  metal  products.... 
Transportation  &  warehousing. 
Communications  &  utilities... 

wholesale  &  retail  trade 

Financial,  insurance,  real 

estate ,  &  rental 

Lodging,  personal,  & 

business  services 

Gross  imports 

All  other  sectors 

Value  added 

Total  inputs 


0.179 

-   -   -     Dollars 
0.008 

.003 

— 

— 

— 

— 

— 

.692 

— 

.025 

.072 

— 

.280 

.008 

.007 

— 

— 

.001 

.006 

— 

-- 

.001 

.026 

— 

— 

.014 

.037 



.010 

.013 

.073 

— 

.001 

.006 

.001 

— 

— 

.001 

.005 

— 

.032 

.031 

.189 

— 

.016 

.047 

.043 

— 

.012 

.011 

.013 

.041 

— 

.038 

.014 

.016 

.005 

* 

.033 

— 

.010 

.002 

.022 

— 

— 

.126 

.082 

.087 

.068 

.009 

.012 

.005 

.014 

.055 

.045 

.073 

.048 

.010 

.010 

.007 

.012 

.048 

.018 

.014 

.010 

.003 

.004 

— 

.025 

.016 

.009 

.015 

.035 

.353 

.271 

.050 

.422 

1.000 


1.000 


1.000 


1.000 


*Less  than  $0,001 


Consequently,  a  greater  proportion  of  the  value  of  total  output  is  retained  for 
payments  to  the  factors  of  production.   The  value  added  in  production  is  about 
32  percent  for  feed  grains,  compared  with  25  percent  for  food  grains.   Also, 
the  payments  for  intermediate  inputs  are  more  evenly  distributed  to  the  separate 
feed  grain  sectors  than  to  the  food  grain  sectors. 

For  grain  processors  as  a  group,  about  70  percent  of  their  1967  gross 
receipts,  or  value  of  output,  went  for  purchases  of  intermediate  inputs  that 
were  "used  up"  in  the  annual  production  period.   About  30  percent  was  retained 
for  payments  to  the  factors  of  production. 

Since  the  grain  producing  and  grain  processing  sectors  are  strongly  inter- 
related with  each  other  and  with  other  sectors  of  the  economy,  changes  in  their 
output  levels  affect  production  levels  in  many  other  sectors.   The  direct  effect 
of  these  changes  can  be  traced  by  using  the  data  in  tables  2  and  3.   For  example, 
if  the  output  of  the  wet  corn  milling  sector  were  to  increase  $1  million,  what 
would  be  the  direct  impact  on  other  sectors  of  the  economy?   By  referring  to 
column  4  in  table  3,  the  reader  can  see  that  wet  corn  millers  would  require  an 
additional  $32,000  ($1,000,000  x  .032)  of  their  own  production;  $280,000 
($1,000,000  x  .280)  of  corn  from  feed  grain  producers;  and  $10,000  ($1,000,000 
x  .010)  of  output  from  the  flour  and  other  grain  mill  products  sector;  and 
so  on  down  the  column.   A  total  of  $578,000  additional  production  from  all 
sectors  would  be  required  directly  for  the  $l-million  increase  in  wet  corn 
milling  production. 

Because  input  requirements  and  output  patterns  differ  among  sectors,  changes 
in  demand  for  each  sector's  products  affect  the  absolute  level  of  output  of 
each  supplying  industry  to  a  different  extent.   An  understanding  of  the  nature 
of  overall  demand  increases  for  final  products  of  industries  supplying  inputs 
to  grain  producing  and  processing  sectors  will  facilitate  the  investigation  of 
potential  impacts  on  their  own  level  of  operation. 

Total  Input  Requirements  and  Output  Changes 

The  above  discussion  concerned  only  the  direct  inputs  required  by  the  grain 
producing  and  processing  sectors  and  the  direct  impact  of  changes  in  their  out- 
put levels  on  industries  supplying  inputs.   The  direct  impacts  do  not  include 
the  many  and  sometimes  significant  indirect  effects  of  changes  in  demand.   A 
complete  input-output  analysis  considers  the  total  effects  of  changes  in  demand — 
that  is,  both  the  direct  and  indirect  production  required  within  each  sector  of 
the  economic  system  to  support  an  increase  in  total  output  of  one  particular 
sector.   A  matrix  of  total  requirements  includes  both  direct  and  indirect  re- 
quirements and  is  used  for  the  following  analysis. 

The  direct,  indirect,  and  total  effects  of  a  $1  delivery  to  final  demand 
for  the  food  grain  producing,  feed  grain  producing,  and  grain  processing  sectors 
are  shown  in  tables  4,  5,  and  6,  respectively.   Data  were  developed  from  the 
total  requirements  table  (the  65  x  65  inverse  matrix) .   The  direct  inputs  re- 
quired were  presented  in  tables  2  and  3.   The  total  outputs  required  are 
obtained  from  the  total  requirements  matrix.   They  show  the  total  output  re- 
quired from  each  sector  (row)  to  support  a  $1  delivery  to  final  demand  by  the 
sector  named  in  the  column. 
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To  illustrate  the  total  effects:   The  economic  activity  that  the  wheat 
sector  generates  includes  a  total  output  of  21.8  cents  from  livestock  products; 
5.5  cents  from  forestry,  fisheries,  and  services;  4.9  cents  from  transportation 
and  warehousing;  and  nearly  $1.05  of  its  own  production  (table  4).   This  $1.05 
represents  the  $1  delivery  to  final  demand  plus  the  intrasector  requirements 
(direct  and  indirect)  necessary  to  support  this  delivery.   The  last  entry  in 
the  "total  output  required"  column  represents  the  total  expansion  of  output  in 
the  economy  resulting  from  the  wheat  sector  delivering  $1  of  output  to  final 
demand.   It  is  essentially  an  output  multiplier  which  indicates  that  for  every 
dollar  of  final  product  delivered  by  the  wheat  sector,  about  $2.42  of  total 
economic  activity  is  generated. 

Data  for  the  indirect  output  generated  were  obtained  by  subtracting  direct 
inputs  required  from  total  output  generated.  The  indirect  output  data  are  per- 
haps the  most  relevant  in  this  particular  analysis.  Indirect  output  represents 
the  value  of  production  indirectly  required  to  support  the  output  of  other 
sectors  that  provide  inputs  to  the  sector  named  in  the  column.  In  other  words, 
they  show  economic  activity  indirectly  generated  by  the  sector  named  in  the 
column  as  a  result  of  a  $1  increase  in  output. 

Referring  again  to  the  wheat  sector  in  table  4:   A  direct  16-cent  input 
from  the  livestock  products  sector  is  required  to  produce  $1  of  wheat  output. 
Because  of  this  requirement,  an  additional  5.8  cents  in  economic  activity  is 
generated  in  the  livestock  products  sector.   This  represents  the  value  of  pro- 
duction in  the  livestock  products  sector  required  to  support  the  increased  out- 
put of  all  sectors  other  than  the  wheat  sector. 

Often  the  indirect  output  generated  is  of  greater  magnitude  than  the  direct 
input  required.   The  transportation  and  warehousing  sector,  for  example,  pro- 
vides over  three  times  as  much  output  to  sectors  providing  inputs  to  the  wheat 
sector  as  it  provides  directly  to  that  sector.   Gross  imports  directly  required 
by  the  wheat  sector  are  negligible,  but  over  2  cents  in  gross  imports  is  required 
by  other  sectors  as  a  result  of  the  $1  increase  in  demand  for  wheat.   Also, 
there  is  an  indirect  requirement  placed  on  almost  all  of  the  remaining  sectors 
even   though  some  supply  no  direct  inputs  to  the  wheat  sector. 

The  total  impact  on  each  supplying  sector  is  obtained  by  multiplying  any 
total  dollar  change  in  a  sector's  output  (column)  by  the  total-requirements 
coefficient  showu  under  the  heading  total  output  required.   The  total  impact  of 
any  dollar  change  can,  therefore,  be  interpreted  in  terms  of  additional  output 
required  from  any  other  sector. 

Output  Multiplier 

The  output  multiplier,  which  was  mentioned  briefly  above,  is  the  sum  of  the 
total  output  required  from  all  sectors  as  a  result  of  a  $l-delivery  of  output 
to  final  demand  by  any  one  sector.   For  grain  producing  industries  as  a  group, 
the  value  of  the  output  multiplier  ranged  from  a  high  of  2.934  for  the  rye 
sector  to  a  low  of  2.249  for  the  rice  sector.   For  grain  processing  industries 
as  a  group,  it  ranged  from  a  high  of  3.042  for  the  rice  milling  sector  to  a 
low  of  2.177  for  the  wet  corn  milling  sector.   The  absolute  value  of  these  data 
reflects  the  degree  of  interdependence  of  each  sector  in  the  U.S.  economy  and 
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the  relative  importance  of  its  output  level  in  stimulating  economic  activity. 
For  the  65  sectors  delineated  in  this  study,  values  of  output  multipliers 
ranged  from  a  high  of  3.042  for  the  rice  milling  sector  to  a  low  of  1.51  for  the 
finance,  insurance,  real  estate,  and  rental  sector. 

For  any  sector,  the  value  of  the  multiplier  is  primarily  determined  by  the 
level  of  intermediate  purchases  in  relation  to  the  value  of  total  output. 
Generally,  the  higher  the  value  of  total  intermediate  purchases  per  dollar  of 
total  output,  the  higher  the  value  of  the  multiplier.   It  can,  therefore,  be 
interpreted  as  a  measure  of  a  sector's  relative  importance  in  stimulating  total 
economic  activity. 


IMPLICATIONS  OF  EXPANDING  MARKETS 

The  previous  section  discussed  the  input-output  model  and  explored  the 
industrial  interrelations  between  the  U.S.  grain  system  and  other  relevant 
sectors  of  the  economy.   In  terms  of  value  of  production  and  resource  (input) 
requirements,  final-market  delivery  of  grain  and  grain  products  represents  a 
significant  part  of  our  total  economic  activity. 

During  the  past  10-12  years,  grain  production  and  processing  have  undergone 
numerous  structural  and  operational  changes.   These  changes  have  mainly  been  in 
response  to,  as  well  as  a  result  of,  changes  in  other  sectors  of  the  economy. 

Rising  labor  costs  have  increased  the  substitution  of  capital  for  labor; 
changes  in  transportation  rate  structures  have  affected  the  location  of  process- 
ing plants  and  market  areas;  and  prolonged  overcapacity  combined  with  rising 
input  costs  has  resulted  in  high  per-unit  costs  in  relation  to  revenues. 

Grain  producers,  grain  processors,  industry  trade  representatives,  and 
Government  policymakers  are  becoming  increasingly  aware  of  the  need  to  under- 
stand the  many  internal  and  external  forces  influencing  the  structure  and 
operation  of  the  industry.   To  help  meet  this  need,  it  is  necessary  to  deter- 
mine the  degree  to  which  the  various  sectors  of  the  grain  system  are  affected 
by  actions  in  other  sectors  and,  in  turn,  what  effect  changes  in  the  grain 
sectors  have  on  their  suppliers. 

This  section  utilizes  the  disaggregated  input-output  model  to  develop 
meaningful  insights  into  demand-supply  responses  related  to  the  domestic  grain 
system.   These  responses  include  the  effects  that  increases  in  certain  final- 
demand  markets  have  on  production  levels  and  resource  use  in  the  grain  sectors. 
To  assess  the  total  effects  of  changing  market  demands,  the  analysis  identifies 
primary  and  secondary  market  demands  that  are  important  in  influencing  the 
operations  of  grain  production  and  marketing. 

Market  Size 

The  projected  economic  expansion  for  the  United  States  for  the  1970 's  will 
affect  all  sectors  of  the  economy.   Population  growth,  rising  incomes,  and 
expanding  world  markets  are  the  primary  factors  that  will  influence  economic 
growth.   Certain  sectors  will  be  affected  more  than  others.   Output  levels  and 
even  structural  relationships  will  necessarily  change. 
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The  implication  of  these  changes  for  the  agricultural  complex  is  obvious. 
The  volume  of  crop  and  livestock  production  will  increase  in  response  to  growing 
domestic  and  foreign  demand.   Agricultural  processing  industries  and  marketing 
agencies  will  share  in  this  expansion. 

Grain  producers  and  processors  will  need  to  make  various  adjustments  in 
their  production  levels  and  resource  requirements  as  a  result  of  changes  in  out- 
put and  resource  use  in  grain  and  other  sectors.   The  degree  to  which  these 
adjustments  will  vary  depends  primarily  upon  the  type  of  grain  produced  and  the 
nature  of  the  processing  operation. 

This  study  was  not  designed  to  project  future  levels  of  grain  production 
and  processing  activity.   Instead,  the  analysis  quantitatively  establishes 
relevant  input-output  relationships  and  then  uses  them  to  measure  the  effects 
that  changing  final  markets  have  on  stimulating  economic  activity  throughout 
the  grain  system.   Both  absolute  output  adjustments  and  relative  responses  are 
examined . 

To  simulate  the  effects  of  expanded  final  markets,  changes  were  made  in  the 
1967  level  of  output  of  four  selected  sectors.   Changes  in  total  output  (both 
intermediate  and  final  uses)  were  considered  for: 

(a)  livestock  and  livestock  products  (sector  5) 

(b)  bakery  products  (sector  21)  . 

Changes  in  exports  (one  component  of  total  output)  were  considered  for: 

(c)  wheat  (sector  2A) 

(d)  rice  (sector  2C) . 

The  industrial  composition  of  these  sectors  is  described  in  appendix  table 
1.   The  impact  of  changes  in  total  output  and  exports  was  measured  by  increasing 
1967  levels  by  20  percent.   A  20-percent  increase  was  considered  to  be  a  real- 
istic level  for  purposes  of  this  analysis.   A  constant  percentage  increase  was 
used  for  each  of  the  four  sectors  to  show  the  relative  impacts  they  have  on 
other  sectors.   Any  market  size  or  percentage  change  in  output  could  be  used. 
However,  changes  in  output  and  the  resulting  output  responses  in  other  sectors 
do  assume  constant  input-output  relationships. 

Impacts 

For  total  output  in  sectors  5  and  21,  the  20-percent  increase  was  inde- 
pendently applied  to  the  1967  total  output  of  each  of  the  two  sectors.   (The 
1967  output  totals  are  shown  in  the  transaction  table — appendix  table  2 — as  the 
sums  of  rows  5  and  21.) 

The  resulting  dollar  change  in  final-market  output  of  each  sector  was 
multiplied  by  each  entry  in  the  sector's  column  of  total-requirement  coeffi- 
cients. 6/   This  procedure  yielded  the  additional  output  required  in  each  sector 


6/  The  complete  matrix  of  total  requirements  coefficients  will  not  be 
published.   It  will  be  made  available,  however,  by  the  authors  upon  request 
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of  the  economy  to  support  the  increased  delivery  of  livestock  products  and 
bakery  products.   Additional  direct  inputs  required  and  indirect  outputs 
generated  are  included  in  the  resulting  data. 

Impacts  of  increased  exports  of  wheat  and  rice  were  studied  in  essentially 
the  same  manner.   For  exports  of  wheat,  only  that  portion  of  total  output  of 
the  wheat  sector  represented  by  exports  was  increased  20  percent.   Because  rice 
is  exported  as  milled  rice,  rough  rice  must  first  be  processed  through  rice 
mills  before  being  exported.   Therefore,  to  accurately  measure  impacts  of  rice 
exports,  the  20-percent  increase  was  applied  to  the  value  of  exports  from  rice 
mills  (sector  19).   Exports  of  each  sector  represent  nearly  50  percent  of  its 
total  output;  hence,  their  absolute  and  relative  impact  on  the  grain  system  is 
important.  7/ 

For  livestock  and  livestock  products  and  bakery  products,  exports  were  not 
considered  separately.   Such  exports  represent  only  one  component  of  the  total 
output  considered.   For  these  sectors,  however,  very  little  of  the  total  output 
is  made  up  of  exports. 

The  remainder  of  the  report  discusses  the  more  significant  interindustry 
impacts  of  the  various  changes,  with  particular  emphasis  on  grain  production 
and  processing. 

Output  Adjustments 

Tables  7-10  show  the  various  output  adjustments  required  in  the  economy  in 
response  to  a  20-percent  increase  in  final-market  deliveries  of:   (a)  livestock 
and  livestock  products,  (b)  bakery  products,  (c)  wheat  exports,  and  (d)  rice 
exports.   Associated  with  the  hypothetical  20-percent  increase  are  the  direct 
inputs  needed  to  produce  the  increase  and  the  indirect  output  generated  as  a 
result  of  other  sectors  increasing  their  production.   For  many  of  the  sectors, 
the  indirect  requirements  can  represent  a  significant,  though  sometimes  over- 
looked, factor  affecting  their  level  of  output.   For  grain  producers  and  pro- 
cessors in  particular,  indirect  demand  for  their  output  contributes  an  important 
portion  of  their  total  dollar  sales. 

Compared  with  the  other  final-markets  analyzed,  increased  output  of  live- 
stock and  livestock  products  results  in  the  largest  absolute  output  adjustment 
for  grain  producers  and  processors  (table  7) .   The  increased  output  of  livestock 
and  livestock  products  requires  additional  corn  inputs  of  $666  million  and 
further  generates  $234  million  of  corn  output  to  meet  the  needs  of  other  sectors 
directly  or  indirectly  supplying  inputs  to  the  livestock  sector.   Increases  in 
the  output  of  other  grains  range  from  a  total  of  $2  million  for  rye  producers 
to  $150  million  for  sorghum  producers.   For  grain  processors  as  a  group,  the 
impacts  are  also  significant.   In  particular,  producers  of  prepared  animal  feeds 
experience  a  total  output  adjustment  of  $953  million,  of  which  $715  million 
represents  direct  inputs  and  $238  million  represents  indirect  output  generated. 


l_l   U.S.  Dept.  of  Commerce,  Bureau  of  the  Census,  U.S.  Commodity  Exports 
and  Imports  as  Related  to  Output,  1967  and  1966,  Sept.  1970. 


17 


Table  7. — Direct,  indirect,  and  total  effects  of  a  20-percent  increase  in  total 
output  of  livestock  and  livestock  products  on  specified  sectors 


Sector 


Additional 
direct 
input 

'    required 


Additional 
indirect  out-: 
put  generated 


Total 
output 
adjustment 


:  _  _  _  _  Million  dollars   -  -  -  - 


Wheat :  11 

Rye :  1 

Rice : 

Corn :  666 

Oats :  83 

Barley :  35 

Sorghum :  100 

Livestock  &  livestock  products :  7,105 

Other  agricultural  products :  758 

Ag.  services,  forestry,  &  fisheries :  82 

Crude  petroleum  &  natural  gas :  — 

Maintenance  &  repair  construction :  53 

Flour  &  other  grain  mill  products :  18 

Prepared  animal  feeds :  715 

Rice  milling :  1 

Wet  corn  milling :  4 

Bakery  products :  — - 

Other  food  &  kindred  products :  9 

Paper  &  allied  products :  3 

Chemicals  etc :  25 

Petroleum  refining  &  related  prod :  34 

Machinery,  except  electrical :  2 

Transportaion  &  warehousing :  165 

Communications  &  utilities :  46 

Wholesale  &  retail  trade :  237 

Finance,  insurance,  real  estate  &  rental...:  120 

Lodging,  personal,  &  business  services :  39 

Imports :  61 

All  other :  154 


35 

46 

1 

2 

3 

3 

234 

900 

35 

118 

18 

53 

50 

150 

449 

7,554 

214 

972 

88 

170 

109 

109 

135 

188 

45 

63 

238 

953 

3 

4 

8 

12 

2 

2 

79 

88 

91 

94 

261 

286 

163 

197 

67 

69 

307 

472 

205 

251 

322 

559 

533 

653 

283 

322 

155 

216 

1,023 

1,177 
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Table  8. — Direct,  indirect,  and  total  effects  of  a  20-percent  increase  in  total 
output  of  bakery  products  on  specified  sectors 


Sector 


'Additional 
direct 
input 

,  required 


Additional 
indirect  out- 
put generated 


Total 
output 
adjustment 


-  Million  dollars   -  - 


Wheat : 

Rye : 

Rice :  — 

Corn : 

Oats : 

Barley :  — 

Sorghum ;  — 

Livestock  &  livestock  products :  — 

Other  agricultural  products :  11 

Ag .  services,  forestry,  &  fisheries :  — 

Crude  petroleum  &  natural  gas :  — 

Maintenance  &  repair  construction :  9 

Flour  &  other  grain  mill  products :  214 

Prepared  animal  feeds :  — 

Rice  milling : 

Wet  corn  milling :  11 

Bakery  products :   1,550 

Other  food  &  kindred  products :  170 

Paper  &  allied  products :  41 

Chemicals  etc :  4 

Petroleum  refining  &  related  prod :  14 

Machinery  ,  except  electrical :  — 

Transportation  &  warehousing :  31 

Communications  &  utilities :  25 

wholesale  &  retail  trade :  60 

Finance,  insurance,  real  estate,  &  rental..:  28 

Lodging,  personal,  &  business  services :  78 

Impor  ts :  4 

All  other :  120 


44 

44 

2 

2 

2 

2 

24 

22 

3 

3 

1 

1 

4 

4 

98 

98 

2  1 

34 

9 

(i 

20 

20 

21 

30 

9 

223 

L4 

14 

3 

3 

4 

15 

1 

1,551 

50 

220 

5:1 

94 

27 

31 

21 

35 

24 

24 

83 

114 

50 

75 

54 

119 

72 

100 

60 

138 

34 

38 

229 

349 
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Table  9. — Direct,  indirect,  and  total  effects  of  a  20-percent  increase  in  wheat 

exports  on  specified  sectors 


Sector 


.Additional 

direct 

input 

required 


Additional 
indirect  out- 
put generated 


Total 
output 
adjustment 


-  -  -  -  Million  dollars   -  -  -  - 


Wheat 

Rye 

Rice 

Corn 

Oats 

Barley 

Sorghum 

Livestock  &  livestock  products 

Other  agricultural  products 

Ag .  services,  forestry,  &  fisheries 

Crude  petroleum  &  natural  gas 

Maintenance  &  repair  construction 

Flour  &  other  grain  mill  products 

Prepared  animal  feeds 

Rice  milling 

Wet  corn  milling 

Bakery  products 

Other  food  &  kindred  products 

Paper  &  allied  products 

Chemicals  etc 

Petroleum  refining  &  related  prod 

Machinery,  except  electrical 

Transportation  &  warehousing 

Communications  &  utilities 

Wholesale  &  retail  trade , 

Finance,  insurance,  real  estate,  &  rental 
Lodging,  personal,  &  business  services..., 

Imports , 

All  other  , 


232 


38 

13 

— 

7 

11 

2 

— 

8 

6 

6 

— 

1 

— 

4 

— 

2 

__ 

J 

— 

1 

— 

5 

10 

7 

11 

5 

3 

3 

3 

8 

4 

10 

8 

9 

43 

19 

10 

8 

>v 

k 

5 

32 

233 

1 
1 
6 
1 


51 
7 

13 
8 

12 


1 

1 

5 

17 

16 

6 

11 

14 

17 

62 

18 

4 

37 


*Less  than  $500,000. 
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Table  10. — Direct,  indirect,  and  total  effects  of  a  20-percent  increase  in  rice 

exports  on  specified  sectors 


Sector 


'Additional 
direct 
input 

'  required 


Additional 
indirect  out-: 
put  generated 


Total 

output 

adjustment 


Million  dollars   -  -  -  - 


Wheat : 

Rye : 

Rice :      44 

Corn : 

Oats : 

Barley :      — 

Sorghum :     — 

Livestock  &  livestock  products :     — 

Other  agricultural  products :     — 

Ag.  services,  forestry,  &  fisheries : 

Crude  petroleum  &  natural  gas : 

Maintenance  &  repair  construction :      * 

Flour  &  other  grain  mill  products : 

Prepared  animal  feeds : 

Rice  milling :     — 

Wet  corn  milling : 

Bakery  products : 

Other  food  &  kindred  products : 

Paper  &  allied  products :  2 

Chemicals  etc :  — 

Petroleum  refining  &  related  prod : 

Machinery  ,  except  electrical : 

Transportation  &  warehousing :  6 

Communications  &  utilities :  1 

Wholesale  &  retail  trade :  5 

Finance,  insurance,  real  estate,  &  rental..:  * 

Lodging,  personal,  &  business  services :  * 

Imports :  — 

All  other :  3 


2 

r) 

3 
3 
4 

1 

6r> 


2 
3 
6 
2 
3 
() 
4 

16 
3 
1 

13 


1 

1 

46 


2 

5 

3 
3 
k 

1 

65 


4 
3 
6 
2 
" 
7 
9 

L6 
3 
1 

L6 


*Less  than  $500,000. 
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The  flour  and  other  grain  mill  products  sector  experiences  a  significant  indirect 
response.   While  only  about  2.1  percent  of  its  total  output  is  shipped  to  the 
livestock  sector  (table  1) ,  its  output  increases  by  $63  million  as  a  result  of 
the  20-percent  increase  in  total  output  of  livestock  and  livestock  products. 

Further  examination  of  table  7  reveals  other  important  output  adjustments 
in  other  sectors  of  the  economy.   Of  particular  note  is  the  magnitude  of  output 
adjustments  in  service  sectors — transportation  and  warehousing,  communications 
and  utilities,  wholesale  and  retail  trade,  and  others  itemized.   These  responses 
reflect  the  direct  demand  for  services  in  producing  the  final  product  plus  the 
indirect  requirements  needed  to  produce  the  inputs  for  these  services. 

Effects  of  the  increase  in  total  output  of  bakery  products  are  summarized 
in  table  8.   While  there  is  no  direct  output  response  from  the  grain  production 
sectors,  substantial  indirect  output  is  generated  in  these  sectors,  primarily 
in  response  to  the  direct  demand  for  processed  grain  products  from  the  grain 
milling  sectors.   As  may  be  expected,  operations  of  the  flour  and  other  grain 
mill  products  sector  are  mainly  affected.   The  20-percent  increase  in  output 
of  bakery  goods  requires  an  additional  $223  million  of  output  from  flour  mills. 
Of  this,  $214  million  or  over  95  percent  is  directly  required  as  inputs.   In 
constrast,  both  the  prepared  animal  feeds  and  the  rice  milling  sectors  dis- 
tribute no  output  to  the  bakery  products  industry.   However,  moderate  output 
increases  are  indirectly  generated  in  response  to  increased  output  of  bakery 
products . 

Wheat  and  rice  exports  are  the  last  final  markets  examined.   Impacts  of 
increased  exports  of  wheat  and  rice  are  shown  in  tables  9  and  10,  respectively. 
The  primary  effect  is  that  production  of  wheat  and  rice  increases  directly, 
which  reflects  the  direct  influence  that  exports  of  any  raw  commodity  have  on 
production  of  that  product. 

Of  particular  interest  is  the  strong  indirect  impact  which  rice  exports 
have  on  the  rice  milling  sector  (table  10).   The  20-percent  increase  in  rice 
exports  results  in  a  total  output  adjustment  of  $65  million  in  rice  mills,  all 
of  which  is  represented  by  indirect  requirements.   This  situation  arises  pri- 
marily because  most  U.S.  rice  is  exported  as  milled  rice,  thus  requiring  pro- 
cessing through  the  rice  milling  sector. 

Also  associated  with  the  20-percent  expansion  in  wheat  and  rice  exports 
are  modest  indirect  increases  in  output  of  other  grain  processing  sectors. 
Other  economic  sectors  also  experience  slight  direct  and  indirect  output 
adjustments . 

Again,  the  output  responses  discussed  in  this  report  should  not  be  inter- 
preted to  represent  projected  output  levels  ,r  input  requirements.   The  responses 
were  computed  primarily  to  demonstrate  th^  effects  that  output  changes  in  other 
sectors  have  on  the  grain  production  and  processing  system  and  to  provide  in- 
sights for  a  clearer  understanding  of  the  interconnections  between  these  sectors. 

Relative  Impacts 

For  the  economic  sectors  itemized  in  tables  7-10,  table  11  compares,  in 
percentage  terms,  the  total  output  adjustments  resulting  from  a  20-percent 
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Table  11. — Relative  increase  in  total  output  in  specified  sectors  associated 
with  a  20-percent  increase  in  selected  final  markets 


Final  market 


Sector 


Livestock 
&  livestock 
products 

Bakery  : 
products : 

Wheat 
exports 

:  Rice 
: exports 

Percent 
1.7 

1.8 

9.2 

* 

4.7 

4.7 

2.3 

2.3 

0.7 

0.4 

0.2 

10.1 

16.2 

0.4 

0.1 

— 

17.4 

0.4 

0.1 

— 

11.2 

0.2 

— 

— 

16.6 

0.4 

0.3 

0.2 

24.6 

0.3 

0.2 

* 

7.4 

0.3 

0.1 

— 

4.9 

0.3 

0.4 

0.1 

0.7 

0.1 

0.1 

* 

0.8 

0.1 

■k 

* 

1.5 

5.3 

k 

-A- 

17.7 

0.3 

0.1 



0.7 

0.5 

0.4 

11.6 

1.4 

1.8 

— 

— 

k 

20.3 

* 

* 

0.1 

0.3 

-;; 

— 

0.4 

0.4 

k 

* 

0.8 

0.1 

* 

■k 

0.8 

0.1 

0.1 

k 

0.1 

k 

■k 

k 

0.9 

0.2 

* 

k 

0.4 

0.1 

>'; 

* 

0.4 

0.1 

it 

k 

0.4 

0.1 

* 

* 

0.5 

0.2 

-:■ 

A 

0.8 

0.1 

k 

* 

0.2 

* 

* 

* 

Wheat 

Rye 

Rice 

Corn 

Oats 

Barley 

Sorghum 

Livestock  &  livestock  products 

Other  agricultural  products 

Ag .  services,  forestry,  &  fisheries 

Crude  petroleum  &  natural  gas 

Maintenance  &  repair  construction 

Flour  &  other  grain  mill  products 

Prepared  animal  feeds 

Rice  milling 

Wet  corn  milling 

Bakery  products 

Other  food  &  kindred  products 

Paper  &  allied  products 

Chemicals  etc 

Petroleum  refining  &  related  prod 

Machinery ,  except  electrical 

Transportation  &  warehousing 

Communications  &  utilities 

Wholesale  &  retail  trade 

Finance,  insurance,  real  estate,  &  rental 
Lodging,  personal,  &  business  services... 

Imports , 

All  other 


*Less  than  0.05-percent  response 


^3 


increase  in  final-market  deliveries  of  livestock  and  livestock  products,  bakery 
products,  wheat  exports,  and  rice  exports. 

By  reading  down  the  columns  of  the  table,  the  reader  can  see  what  corre- 
sponding percentage  change  would  be  required  in  other  sectors  as  a  result  of  a 
20-percent  increase  in  the  final-demand  market.   For  example,  a  20-percent  in- 
crease in  total  output  of  livestock  and  livestock  products  would  result  in  a 
1.8-percent  increase  in  wheat  production  and  a  4.7-percent  increase  in  rye 
production.   The  largest  increases  would  be  experienced  by  producers  of  feed 
grains  (corn,  oats,  barley,  and  sorghum)  and  by  the  prepared  animal  feeds  sector, 
The  reader  can  also  compare  increases  among  sectors.   The  increase  in  total  out- 
put of  livestock  and  livestock  products  would  result  in  a  16.2-percent  increase 
in  corn  production,  compared  with  a  17.4-percent  increase  in  oats  output. 
Therefore,  expanding  livestock  output  would  have  a  greater  relative  effect  on 
the  oats  sector  than  on  the  corn  sector.   However,  as  data  in  table  7  show,  the 
value  of  the  total  output  adjustments  for  corn  producers  would  be  $900  million, 
in  contrast  to  only  $118  million  for  oats  producers.   Further  comparison  of 
relative  impacts  shown  in  table  11  with  values  shown  in  tables  7-10  reveals 
other  interesting  relationships. 

By  reading  across  a  row  in  table  11,  the  reader  can  compare  the  relative 
effects  of  each  of  the  four  final-market  increases  in  stimulating  activity  in 
a  particular  sector.   Wheat  production,  for  example,  is  more  responsive  to  a 
20-percent  increase  in  wheat  exports  than  it  is  to  an  equal  increase  in  aggre- 
gate consumption  of  bakery  products.   This  form  of  comparison  is  useful  in 
assessing  the  probable  impact  of  industry  production  forecasts  on  levels  of  out- 
put and  resource  use  in  other  sectors. 


General  Implications 

Although  the  relative  impacts  presented  in  table  11  are  based  on  a  20- 
percent  increase  in  selected  final  markets,  they  may  be  used  to  estimate  re- 
sponses to  any  level  of  change  in  the  four  markets.   Other  market  increases  (or 
decreases)  would  exhibit  linear  relationships  to  the  responses  shown  in  table  11. 
For  example,  the  table  shows  that  wheat  output  would  increase  1.7  percent  when 
aggregate  consumption  of  bakery  products  goes  up  20  percent.   Therefore,  if 
bakery  products  were  to  increase  only  10  percent,  wheat  output  would  grow  about 
0.8  percent  in  response. 

This  assumption  of  linearity,  while  somewhat  restrictive,  is  basic  to  an 
input-output  system.   It  rules  out  economies  of  scale  and  does  not  consider 
present  levels  of  capacity  utilization.   Despite  this  restriction,  however,  the 
analysis  provides  broad  implications  for  indus _ry  output  and  resource  use. 

The  output  responses  detailed  in  table.  7-10  can  be  used  to  estimate  ap- 
proximate effects  of  changes  in  output  on  resource  requirements.   Data  on  man- 
hours  required  per  dollar  of  gross  output  can  be  applied  to  the  appropriate  total 
output  adjustments  to  estimate  the  resulting  change  in  labor  requirements. 
Similar  analysis  is  possible  for  any  limited  resource  (fuel,  water,  or  gas,  for 
example)  or  for  total  factor  inputs  (value-added  categories).   However,  each 
investigation  would  require  additional  simplifying  assumptions,  and  probably 
adjustments,  based  on  knowledge  of  the  particular  industries  of  interest. 
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Expanding  markets  for  grain  and  grain  food  products  will  lead  to  a  number 
of  changes  in  firms  engaged  in  grain  production,  processing,  and  marketing. 
The  additional  demand  for  these  firms'  output  and  services  may  require  adjust- 
ments in  both  facilities  and  practices.   Industries  supplying  inputs  will  also 
be  affected. 

A  more  complete  evaluation  of  the  effects  of  expanding  markets  is  possible 
with  knowledge  of  output  levels  attainable  under  present  capacity  utilizations 
and  resource  availabilities.   For  a  particular  sector  of  interest,  present  pro- 
duction capabilities  can  be  compared  with  output  adjustments  indicated  through 
the  input-output  framework.   Comparisons  of  this  nature  yield  insights  into 
possible  adjustments  in  number  of  producing  units,  capacities,  demand  for 
resources,  and  factor  inputs.   These  types  of  analyses,  while  providing  fruit- 
ful areas  for  investigation,  are  beyond  the  scope  of  this  study. 
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